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Memory controller
NAND flash memory
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Signal -

Pin1 | Card detection/data 3 (DAT3)

Pin 2 Command (CMD)

Pin 3 GND

Pin 4 Supply voltage (VDD)

Pin 5 Clock (CLK)

Pin 6 GND

Pin 7 Data 0 (DATO)

Pin 8 Data 1 (DAT1)

Pin 9 Data 2 (DAT2)

Pin 10 Supply voltage (VDD)/GND

Pin 11 Data (D1+)

Pin12 | Data (D1-)

Pin 13 Supply voltage (VDD)/GND

Pin14 | Supply voltage (VDD)/GND

Pin15 | Data (D0-)

Pin16 | Data (DO+)

Pin 17 Supply voltage (VDD)/GND

F1G. 2
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Symbol name Function Code in 8b/10b

—_—

SYN Synchronlzatlon D31.5

COM Comma (or delimiter) K28.5

LIDLO |dle state K28.3

LIDL1 dle state D13.2, D19.2 or D185

Svnchronization Data Data
with host device communication Idle state communication Idle state

t0 ‘-.,‘ “'--,,\ t1 t2 "1 "‘n_\ t3 t4 " time
cOMY SYN \ com YLIDLON
K28 5D31.5 K28 5)(K28.3)
| or |
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S10

Yes l

Data to be
transmitted present?

No
S11 Issue COM
S12 Confirm random number

S13

Is random
number first value?

NO

Yes
S14 Issue LIDLO Issue LIDL] S15

S16

Connection
with host device
terminated?

No

Yes

End
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SEMICONDUCTOR DEVICE AND MEMORY
SYSTEM

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a U.S. national phase application under
35 U.S.C. §371 of International Application PCT/IP2010/

066464 (not published 1n English) filed Sep. 15, 2010, and 1s
based upon and claims the benefit of priority from Japanese
Patent Application No. 2009-279719, filed Dec. 9, 2009; the
entire contents each of which are incorporated herein by
reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device and memory system and, for example, a
method for communication between a memory system and a
host device.

BACKGROUND

Recently, it 1s remarkable in increasing the definition of
pictures due to an increase 1in the resolution of a digital camera
and the like and increasing the capacity of a data storage
device such as an SD™ card and achieving high picture
quality by increasing the frame rate of picture data. Based on
the above background, a transmission amount of data
between the host device such as a digital camera or the like
and a memory device or the like that records data continues to
increase. In transmitting such a large amount of data, a high-
speed serial transmission system based on a small amplitude
differential signal 1s generally used from the viewpoint of
simplifying connection cables, suppressing the power con-
sumption and reducing EMI radiation noise. Further, in the
above high-speed serial transmission system, 1t 1s general to
use coding of 8b/10b 1n order to stabilize the transmaission.

If the same data items (such as “00” or “FF”’) are succes-
stvely transmitted at the data communication time by use of
the serial transmission system, harmonic noise with a fre-
quency component corresponding to a period of the succes-
stve patterns. Therefore, as a method for coping with the
above case, a so-called scramble system that superimposes a
random number on the data and transmits the result 1s known.
For example, the system 1s disclosed 1n “High-Speed Serdes
Devices and Applications”, by David Robert Stautler et. al.,
published by Springer, 2008, pp. 140 to 143.

However, in the conventional scramble system, a method
for coping with a case wherein fixed patterns are successively
transmitted in order to maintain synchronization of senal
transmission at the data non-transmission time, that 1s, 1n an
idle state 1s not taken 1nto consideration and a problem that
noise occurs 1n the 1dle state 1s not yet solved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a block diagram of a memory system according to
a first embodiment;

FI1G. 2 1s a diagram showing assignment of signals to signal
pins 1n a memory card according to the first embodiment;

FI1G. 3 1s ablock diagram of a memory controller according,
to the first embodiment;

FI1G. 4 1s a diagram showing symbols according to the first
embodiment;

FI1G. 5 1s a timing chart for 1llustrating the state of commu-
nication according to the first embodiment;
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2

FIG. 6 1s a flowchart for illustrating the operation of a
symbol generation unit according to the first embodiment;

FIG. 7 1s a graph showing a frequency spectrum at the
communication time;

FIGS. 8 to 10 are graphs each showing a frequency spec-
trum according to the first embodiment;

FIG. 11 1s a block diagram of a memory controller accord-
ing to a second embodiment;

FIG. 12 1s a timing chart for illustrating the state of com-
munication according to the second embodiment;

FIG. 13 1s a flowchart for illustrating the operation of a
memory system according to the second embodiment;

FI1G. 14 1s a graph showing a frequency spectrum according,
to the second embodiment;

FIG. 15 1s a timing chart for illustrating the state of com-
munication according to a modification of the second
embodiment; and

FIGS. 16 and 17 are timing charts each for 1llustrating the
state of communication according to a third embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a semiconductor
device capable of communicating with a host apparatus
includes: a symbol generation unit; a coding unit; and a trans-
mission unit. The symbol generation unit includes a random
number generation circuit and generates a symbol according
to a random number generated by the random number gen-
eration circuit. The coding umt performs 8b/10b coding for

the symbol. The transmission unit transmits the symbol coded
by the 8b/10b coding unit to the host apparatus.

First Embodiment

A semiconductor device and memory system according to
a first embodiment will be explained by taking an SD memory
card (heremafter simply referred to as a memory card) as an
example.

<Whole Configuration of Memory Card>

First, the whole configuration of a memory card 1s
explained with reference to FIG. 1. FIG. 1 1s a block diagram
of a memory card according to the present embodiment.

As shown 1n the drawing, a memory card 1 1s communi-
cable with a host device 2 such as a personal computer, digital
camera and the like, for example. The host device 2 includes
soltware and hardware used for accessing the memory card 1
connected thereto via a bus interface 14. The memory card 1
1s operated 1n response to reception of power supply when 1t
1s connected to the host device 2 and performs a process
corresponding to access from the host device 2.

The memory card 1 transfers information with respect to
the host device 2 via the bus interface 14. The memory card 1
includes a NAND tlash memory chip (also simply referred to
as a NAND flash memory or flash memory) 11, a memory
controller 12 that controls the NAND flash memory chip 11
and a plurality of signal pins (first to seventeenth pins) 13.

The plural signal pins 13 are electrically connected to the
memory controller 12. Assignment of signals to the first to
seventeenth pins of the plural signal pins 13 1s made as shown
in FIG. 2, for example. FIG. 2 1s a table showing the first to
seventeenth pins and signals assigned to them.

Data O to data 3 are respectively assigned to the seventh,
cighth, ninth and first pins. The first pin 1s also assigned to a
card detection signal. Further, the second pin 1s assigned to
command CMD, the third and sixth pins to ground potential
GND, the fourth pin to power source potential VDD, and the
fifth pin to clock signal CLK.
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In addition, the tenth, thirteenth, fourteenth and seven-
teenth pins are assigned to supply voltage VDD or ground
potential GND. Further, data (ID1+) and data (D1-), and data
(DO0+) and data (D0-) that make pairs of differential signals
are respectively assigned to the eleventh, twellth, fifteenth 5
and sixteenth pins. The above pins are terminals for comple-
mentary signals 1n small amplitude differential signals. For
example, a signal pair of DO+ and DO- 1s used for signal
transmission from the host device 2 to the memory card 1.
Further, a signal pair of D1+ and D1- 1s used for signal 10
transmission from the memory card 1 to the host device 2.

The memory card 1 1s formed to be removably nserted
with respect to a slot formed 1n the host device 2. A host
controller (not shown) provided in the host device 2 commu-
nicates various signals and data items with the memory con- 15
troller 12 1n the memory card 1 via the first to seventeenth
pins. For example, when data 1s written 1n the memory card 1,
the host controller transmits a write command as a serial
signal to the memory controller 12 via the eleventh and
twellth pins. At this time, the memory controller 12 fetches 20
write commands supplied to the eleventh and twelfth pins in
response to a clock signal supplied to the seventh and eighth
pins.

The write commands are serially mput to the memory
controller 12 by using only the eleventh and twelith pins. The 25
cleventh and twellth pins assigned to the command inputs are
arranged as shown 1n FIG. 2 and a plurality of signal pins 13
and the bus intertace 14 (SD interface) corresponding thereto
are used to permit the memory card 1 and the host controller
in the host device 2 to communicate with each other. 30

On the other hand, communication between the NAND
flash memory 11 and the memory controller 12 1s performed
by an interface for the NAND flash memory. Therefore, the
NAND flash memory 11 and the memory controller 12 are
connected by mput/output (I/O) lines of 8 bits, for example, 35
although not shown 1n the drawing here.

For example, when the memory controller 12 writes data in
the NAND flash memory 11, the memory controller 12
sequentially inputs a data mput command 80H, column
address, page address, data, and program command 10H to 40
the flash memory 11 via the I/O lines. In this case, “H” of
command 80H indicates a hexadecimal number and, in prac-
tice, signals of 8 bits of “10000000” are supplied 1n parallel to
the I/O lines of 8 bits. That 1s, commands of a plurality of bits
are supplied in parallel to the interface for the NAND flash 45
memory.

Further, with the interface for the NAND flash memory, the
command and data for the NAND flash memory 11 com-
monly utilize the same I/O lines and are communicated. Thus,
the interface via which the host controller in the host device 2 50
and the memory card 1 communicate and the interface via
which the NAND tlash memory 11 and the memory controller
12 communicate are different.

<Configuration of Memory Controller 12>

Next, the detail of the memory controller 12 provided in the 55
memory card 1 shown 1n FIG. 1 1s explained. In this case, the
NAND flash memory 11 has the known configuration, and
therefore, the explanation thereof 1s omitted.

The memory controller 12 manages the internal physical
state of the NAND flash memory 11 (for example, the number 60
of logic sector address data contained in what one of physical
block addresses or what one of blocks 1s set 1n the erase state).
Then, the memory controller 12 performs the operation of
reading data from the NAND flash memory 11 according to a
request of the host device 12, transierring the same to the host 65
device 2 and writing write data supplied from the host device

2 1n the NAND flash memory 11. For simplifying the follow-

4

ing explanation, the explanation 1s made with attention paid
only to the configuration that performs communication from
the memory controller 12 to the host device 2.

FIG. 3 1s a block diagram of the memory controller 12. As
shown 1n the drawing, the memory controller 12 includes a
flash controller 21, buffer 22, command/data control unit 23,
symbol generation unmt 24, 8b/10b coding unit 25, host inter-
face module 26, micro processing unit (MPU) 27, read-only
memory (ROM) 28 and random access memory (RAM) 29. In
this case, solid lines in the drawing indicate tlows of data and
symbols and broken lines indicate the control state by the
MPU 27.

The flash controller 21 performs an interface process
between the memory controller 12 and the NAND flash
memory 11 based on control of the MPU 27. For example, at
the data read time, 1t receives read data transferred from the
NAND flash memory 11 and stores the same 1n the butler 22.

The buifer 22 temporarily holds the read data and outputs
the same to the command/data control unit 23.

The symbol generation unit 24 includes a random number
generation circuit 32, issues various symbols (also called
commands or control signals) required for communication
with the host device 2 based on control of the MPU 27 and
outputs the same to the command/data control unit 23. As the
random number generation circuit 32, for example, a linear
teedback shift register can be used. Of course, 1t 1s not limited
to this. The symbol generation unit 24 can 1ssue a symbol
indicating an 1dle state at the data non-communication time.
Then, the symbol generation unit 24 can generate a plurality
of types of symbols as the symbol indicating the 1dle state and
determines one of the plural types of symbols based on a
random number generated by the random number generation
circuit 32. This 1s explained later in detail.

The command/data control unit 23 selects one of read data
from the buller 22 and a symbol from the command/data
control unit 23 and outputs the same to the 8b/10b coding unit
235 according to control of the MPU 27.

The 8b/10b coding unit 25 performs 8b/10b coding for a
signal (read data or symbol) supplied from the command/data
control unit 23 and outputs the result to the host interface
module 26. The 8b/10b coding 1s a process for coding a signal
ol 8 bits to 10 biats. The coding 1s performed by use of a certain
table and the coding result 1s expressed by symbol Dxx.x.
That 1s, 8-bit data of “O0H” to “FFH” 1s expressed by one of
symbols of D00.0 to D31.7. The symbols are specifically
called D-codes. Further, some of bit strings that are not used
as the D-codes are used as control symbols and are called
K-codes. The 8b/10b coding can be performed by use of a
known technique and the detail thereot 1s described on pages
13’7 to 139 of the reference mentioned in BACKGROUND.

The host interface module 26 performs an interface process
with respect to the host device 2. As shown 1n FIG. 3, the host
interface module 26 includes a parallel-to-serial conversion
unmit 30 and serial output port 31. The parallel-to-serial con-
version unit 30 converts 10-bit parallel data supplied from the
8b/10b coding unit 23 to serial data and outputs the same to
the serial output port 31. The senal output port 31 transmits
the received serial data to the host device 2 via the bus inter-
face 14.

The MPU 27 controls the whole operation of the memory
card 1. For example, the MPU 27 forms various tables on the
RAM 29 by reading firmware (control program) stored in the
ROM 28 on the RAM 29 and performing a preset process
when the memory card 1 receives supply of power. Further,
the MPU 27 recerves a write command, read command and
erase command from the host device 2 and controls the opera-
tions of the flash controller 21, command/data control unit 23,
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symbol generation unit 24, 8b/10b coding unit 25 and host
interface module 26 according to the recetved command.

The ROM 28 stores a control program and the like executed
by the MPU 27. The RAM 29 1s used as a work area of the
MPU 27 and stores control programs and various tables.

<Symbols Generated by Symbol Generation Unit 24>

Next, some of symbols generated by the symbol generation
unit 24 are explained with reference to F1G. 4. FIG. 41s atable
showing symbol names of symbols generated by the symbol
generation unit 24, the functions thereof and codes obtained
by 8b/10b coding.

As shown 1n the drawing, the symbol generation unit 24
can generate symbols SYN, COM, LIDLO and LIDL1. Sym-
bol SYN 1s a signal used to attain synchronization with the
host device and coded to symbol D31.5 by 8b/10b coding.
Symbol COM 1s a signal indicating comma (1.e. delimiter or
division between the symbols) and coded to symbol K28.5 by
8b/10b coding. Symbols LIDLO and LIDL1 are signals indi-
cating an 1dle state 1n which no data communication 1s per-
formed between the memory card 1 and the host device 2.
Symbol LIDLO 1s a signal coded to symbol K28.3 by 8b/10b
coding and symbol LIDL1 1s a signal coded to symbol D13.2,
D19.2 or D18.5.

<Communication between Memory Card 1 and Host
Device 2>

Next, the detail of communication between the memory
card 1 and the host device 2 1s explained with reference to
FIG. 5. FIG. 5 1s a timing chart of signals transmitted from the
memory card 1 to the host device 2.

As shown 1n the drawing, the memory card 1 connected to
the host device 2 transmits symbol set SYNC used to set up
synchronization with the host device 2 to the host device 2.
Symbol set SYNC 1s a combination of symbol COM and
symbol SYN. One symbol set SYNC including symbols
COM, SYN 1s continuously transmitted (times tO to t1) until
synchronization with the host device 2 1s attained.

The operation of the memory controller 21 1n a period of
times t0 to t1 1s as follows. That 1s, when detecting connection
to the host device 2, the MPU instructs the symbol generation
unit 24 to generate symbols COM, SYN. In response to this,
the symbol generation unit 24 repeatedly generates symbols
COM, SYN and outputs the same to the command/data con-
trol unit 23. Further, the command/data control unit 23 trans-
ters symbols COM, SYN supplied from the symbol genera-
tion unit 24 to the 8b/10b coding unit 25 according to the
instruction of the MPU 27. Then, the 8b/10b coding unit 235
respectively codes received symbols COM, SYN to symbols
K28.5,D31.5 according to the mstruction of the MPU 27 and
outputs the same to the host interface module 26. Then, the
host imterface module 26 transmits received symbols K28.5,
D31.5 to the host device 2.

If synchronization with the host device 2 1s setup attime t1,
data communication 1s performed. That 1s, as shown by times
tl tot2 of FIG. 5, adata signal 1s transmitted from the memory
card 1 to the host device 2. The data signal 1s a series of
D-codes obtained by 8b/10b coding.

The operation of the memory controller 12 1n a period of
times tl to 12 1s as follows. That 1s, when receiving a data read
command and address from the host device 2, the MPU 27
1ssues a read command and address with respect to the NAND
flash memory 11 and instructs the NAND flash memory 11 to
read data via the flash controller 21. Then, read data corre-
sponding to the transmitted address 1s recerved by the flash
controller 21 and stored in the buifer 22. Subsequently, the
command/data control umt 23 transiers read data from the
buffer 22 to the 8b/10b coding unit 25 according to the
instruction of the MPU 27. Then, the 8b/10b coding unit 235
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6

codes the received data to a corresponding D-code according
to the instruction of the MPU 27 and outputs the result to the
host interface module 26. After this, the host interface module
26 transmits the recerved D-code to the host device 2.

When data communication 1s completed at time t2, the
memory card 1 1s set to an 1dle state and transmits symbol set
IDL indicating the 1dle state to the host device 2. Symbol set
IDL 1s a combination of symbol COM and symbol LIDLO or
LIDL1. For simplitying the following explanation, 11 symbols
LIDLO and LIDL1 are not distinguished from each other, the
symbols are called LIDLx (x=0 or 1). One symbol set IDL
containing symbols COM and LIDLX 1s continuously trans-
mitted (times t2 to t3) until next data communication 1s started
(time t3).

The operation of the memory controller 12 1n a period from
times tl1 to t2 1s as follows. That 1s, when detecting that
non-transmitted data to the host device 2 1s no more present in
the butter 2, the MPU 27 instructs the symbol generation unit
24 to generate symbols COM and LIDLX. In response to this,
the symbol generation unit 24 repeatedly generates symbols
COM and LIDLx and outputs the same to the command/data
control unit 23. Further, the command/data control unit 23
transiers symbols COM and LIDLX supplied from the symbol
generation unit 24 to the 8b/10b coding unit 25 according to
the instruction of the MPU 27. Then, the 8b/10b coding unit
235 codes recetved symbol COM to symbol K28.5 accordmg
to the instruction of the MPU 27. Further, when receiving
symbol LIDLO, 1t codes the same to symbol K28.3 and when
receiving symbol LIDL1, it codes the same to symbol D13.2,
D19.2 or D18.5. Then, the host interface module 26 transmits
the recerved symbol to the host device 2. Symbol set IDL 1s
repeatedly transmitted to the host device 2 until data commu-
nication 1s later started again with respect to the host device 2.

<Operation of Symbol Generation Unit 24>

Next, the operation of the symbol generation unit 24 1n
times t2 to t3 explained 1n FIG. 5 15 explained with reference
to FIG. 6. FIG. 6 1s a flowchart for 1llustrating the operation of
the symbol generation umt 24.

As shown 1n the drawing, when data to be transmuitted to the
host device 2 1s not present (NO 1n step S10), the symbol
generation unit 24 {irst 1ssues symbol COM (step S11). Sub-
sequently, the symbol generation unit 24 confirms a random
number generated from the random number generation cir-
cuit 32. Then, 1f the random number 1s a predetermined value
(“first value™) (YES 1n step S13), it 1ssues symbol LIDLO
(step S14). On the other hand, 111t 1s not the first value (NO 1n
step S13), 1it1ssues symbol LIDL1 (step S15). For example, 1n
case the random number 1s 1-bit signal, the probability of
1ssuing symbol LIDLO 1s the same as the probability of 1ssu-
ing symbol LIDL1. In that, the probability of 1ssuing symbol
LIDLO 1s 50%, and the probability of issuing symbol LIDL1
also 1s 50%.

The above operation 1s repeatedly performed until connec-
tion with the host device 2 1s broken (YES 1n step S16) or data
transmission timing 1s reached (YES 1n step S10). The ran-
dom number generation circuit 32 may always generate a
random number and generate the same only 1n a period while
the MPU 27 gives an istruction to 1ssue symbol set IDL.

<Effect of Present Embodiment>

As described above, with the memory card 1 according to
the first embodiment, noise occurring at the commumnication
time can be reduced. The effect 1s explained below.

In the high-speed serial transmission system described in
the BACKGROUND, a symbol set (symbol COM+SYN
explained in FIG. 5) used to set up synchronization i1s con-
tinuously transmitted at the data transmission start time. After
synchronization 1s set up, data transmission 1s started.
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In the above system, 1t can be considered to continuously
transmit a specified symbol used as an 1dle symbol indicating
the 1dle state 1n a period from the time when a series of data
transmissions 1s terminated to the time when next data trans-
mission 1s started. The 1dle symbol 1s a symbol to maintain

synchronization with the host device.

As the 1dle symbol, symbol K28.3 (heremafiter referred to
as symbol LIDL) can be used. However, K28.3 1s a code of
“001111_0010” or “110000__1101" 1n the binary notation
and 1s a signal having “0” or “1” successively generated.
Therefore, when symbol set COM+LIDL 1s successively
transmitted, a signal having O or 1 successively 1n a specified
pattern 1s repeatedly transmitted. Then, there occurs a prob-
lem that the peak of a certain spectrum becomes large and this
causes occurrence ol noise, particularly, EMI noise by repeat-
ing a specified pattern of symbol set COM+LIDL. The state 1s
shown 1n FIG. 7. FIG. 7 1s a graph showing a frequency
spectrum obtained as the result of simulation of a case
wherein LIDL 1s used as the 1dle symbol, the abscissa repre-
sents the frequency in MHz and the ordinate represents the
intensity 1 dB. As shown in the drawing, the frequency
spectrum discretely occurs and the intensity thereof 1s rela-
tively high and reaches 65 dB, particularly, around 200 MHz.

In this respect, with the configuration according to this
embodiment, two symbols LIDLO, LIDL1 are used as the 1dle
symbol. LIDL among them 1s symbol K28.3 that is the same
as LIDL, but LIDL1 1s a symbol different from LIDLO.
Whether LIDLO or LIDL1 1s used as the idle symbol 1s ran-
domly selected according to a random number generated by
the random number generation circuit 32. As a result, the
same “07/1” pattern 1s suppressed from being successively
generated 1n the successive symbol set and radiation of har-
monics contained in the pattern can be suppressed. Thus,
occurrence of noise can be effectively suppressed while
maintaining synchromization with the host device 2.

FI1G. 8 1s a graph showing a frequency spectrum obtained as
the result of simulation of a case wherein D13.2 1s used as
LIDLI1. As shown 1n the drawing, the peaks of the frequency
spectrum are more successive (it 1s not discrete) 1n compari-
son with the example of FIG. 7 and, as a result, the intensity
of each peak becomes low. For example, the peak intensity
around 200 MHz 1s 50 dB and 1s lower than that of FIG. 7 by
15 dB. A lowering of 15 dB corresponds to 30 1n terms of
clectric power. Thus, noise can be reduced by lowering the
peak intensity.

Further, FIGS. 9 and 10 are graphs showing frequency
spectra obtained as the result of simulation of cases wherein
D19.2 and D18.5 are used as LIDL1. As shown 1n the draw-
ing, also in this case, the peak intensity of the frequency
spectrum 1s lower than the example of FIG. 7.

In the above embodiment, an example in which symbol
D13.2, D19.2 or D18.5 1s used as LIDL1 1s explained. How-
ever, symbols other than the above symbols may be used. That
1s, since 1t 1s satisfactory to provide the configuration in which
repetition of the same data pattern 1s difficult to occur, the
configuration 1s not limited 11 plural types of symbols are used
as LIDL.

In 8b/10b coding, a symbol 1n which the number of bits
which are set to “1” 1s seven bits or more or three bits or less
among ten bits 1s not used 1n order to maintain DC balance of
a symbol (code). If a symbol in which the number of bits
which are set to “1” and the number of bits which are set to “0”
are each set to five bits among ten bits 1s used, the DC balance
can be attained. However, if the restriction that the change
point between “0” and “1” (the bit position in which the bit 1s
changed from “0” to *“1” or from *“1” to *“0”) properly occurs
in a symbol 1s taken 1nto consideration on the assumption that
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a coded symbol 1s serially transmitted in an NRZ system, only
134 codes of approximately half of 256 codes from 0x00 to
OxFF are defined for a symbol in which “1”” and “0” of five bits
are set 1 a balanced state. The remaining 122 codes are
defined as symbols 1n which the number of bits that are set to
“1” 1s s1x bits or four baits.

In this case, in order to easily set the equilibrium of DC
balance, an index of running disparity (that i1s heremafter
referred to as RD) 1s used. That 1s, every two sets of a symbol
including six bits that are set to “1” and a symbol including
four bits are defined for each code. The former 1s defined as a
symbol of RD+ and the latter 1s defined as a symbol of RD-.

The symbol in which the numbers of *“1” and *“0” are set to just
five bits as explained before 1s defined as RD=+0.

In 8b/10b coding, symbols are selected so that RD+ and
RD- alternately appear 1n successive symbols. In the case of
the symbol with RD+0, RD of a next symbol 1s selected as a
successor of immediately prior RD.

Thus, a symbol string that 1s 8b/10b-coded and transmaitted
utilizes a system 1n which codes of RD+ and RD- are alter-
nately generated 1n order to maintain the DC balance. How-
ever, 11 successive COM, LIDL symbols are transmitted like
an IDL symbol set transmitted 1n the 1dle state, inversion of
RD periodically occurs 1 a case where a method of creating
a random form according to the present embodiment 1s not
used. For example, if IDL symbol sets each of which 1s
configured by COM (K28.5) and LIDLO (K28.3) are succes-
stvely transmitted, RD 1s inverted for each symbol and a fixed
pattern of 2-symbol period 1s transmitted. If such a periodic
fixed pattern 1s transmaitted, strong EMI noise occurs 1n the
period and harmonic noise depending on the pattern occurs in
frequencies that are integral multiple of the period.

In the present embodiment, inversion of RD occurs once in
the IDL symbol set of COM, LIDL1 by using symbol D13.2,

D19.2 or D18.5 that 1s set to RD+0 as LIDL1. In a K symbol
configuring COM and LIDLO, an RD+ symbol is obtained by
inverting the value of each bit of the RD- symbol. Therelore,
in the symbol set 1n which RD 1s mverted, spectral compo-
nents are set 1n a phase-inverted relationship. Therefore, 11 the
IDL symbol sets of COM and LIDLO that sandwich the IDL
symbol set configured by COM and LIDLI1 are transmitted,
spectral components of the IDL symbol sets of COM and
LIDLO cancel each other and the effect of suppressing har-
monic noise depending on the pattern can be expected.

However, 1f a system of inverting RD by alternately trans-
mitting the IDL symbol set of COM and LIDLO and the IDL
symbol set of COM and LIDL1 or transmitting the IDL sym-
bol set of COM and LIDL]1 after the IDL symbol set of COM
and LIDLO 1s transmitted by N times 1s used, occurrence of
EMI noise 1n the mversion period cannot be suppressed due to
the fixed RD inversion period. Therefore, in the present
embodiment, 1n order to prevent the period of RD 1nversion
from being fixed, 1t 1s proposed to dispersedly set the period
of RD 1nversion and suppress the peak of EMI noise by
selecting the symbol set of LIDLO and the symbol set of
LIDL1 according to a random number.

It1s confirmed that LIDL symbolsD13.2,119.2 and D18.5
explained 1n the above embodiment are each set to a symbol
that becomes RD+0 and the EMI noise suppression eifect can
be attained by a combination with LIDLO (K28 3). Further,
the above Symbols are symbols 1n which 1t 1s confirmed that
the suppression effect1s large by simulation among a plurality

of LIDL1 symbol candidates that become RD=0.

Second Embodiment

Next, a semiconductor device and memory system accord-
ing to a second embodiment will be explained. In the present
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embodiment, random number data 1s included 1n a symbol set
instead of using plural types of symbols as an 1dle symbol. In
the following description, only a portion different from the
first embodiment 1s explained.

<Configuration of Memory Controller 12>

FIG. 11 1s a block diagram of a memory controller 12
according to the present embodiment. As shown in the draw-
ing, the memory controller 12 according to the present
embodiment 1s formed with the configuration in which a
scramble data generation unit 33 i1s further provided in the
configuration of FIG. 3 explained 1n the first embodiment.

The scramble data generation unit 33 includes a random
number generation circuit 34. Then, 1t generates, for example,
8-bit random number data (scramble data) SRDi1 (1=0 to N,
where N 1s a natural number greater than or equal to 1) by use
of the random number generation circuit 34 according to
control of an MPU 27. As the random number generation
circuit 34, a linear feedback register may be used, for
example.

An 8b/10b coding unit 25 has a function of performing
8b/10b coding for scramble data SRDi1 generated by the
scramble data generation unit 33 1n addition to the function
explained 1n the first embodiment.

A symbol generation unit 24 1ssues one type of symbol
LIDL as an idle symbol. Symbol LIDL 1s K28.3, for example.
That 1s, the configuration in which only LIDLO can be 1ssued
as the idle symbol 1n the first embodiment 1s provided.

<Communication between Memory Card 1 and Host
Device 2>

Next, the detail of communication between a memory card
1 and a host device 2 1s explained with reference to FIG. 12.
FIG. 12 1s a timing chart of signals transmitted from the
memory card 1 to the host device 2 and corresponds to FIG. 5
in the first embodiment. However, since the operation of
setting up synchromzation with the host device 2 1s the same
as that of the first embodiment, the state 1s not shown 1n the
drawing. Further, in the following description, only the opera-
tion 1n times 12 to t3 different from that of the first embodi-
ment 1s explained.

When data communication 1s completed at time t2, the
memory card 1 1s set into an 1dle state and transmits symbol
set IDL to the host device 2. Symbol set IDL 1s a combination
of symbol COM, symbol LIDL and a symbol corresponding
to scramble data SRD1 generated by the scramble data gen-
eration unit 33. Since scramble data SRD1 1s a random num-
ber generated by the random number generation circuit 34,
the value of scramble data SRD1 varies each time symbol set
IDL 1s generated. One symbol set IDL containing symbols
COM, LIDL and SRD11s successively transmitted (times t2 to
t3) until next data communication 1s started (time t3).

The operation of the memory controller 12 1n a period of
times t2 to t3 1s as follows. That 1s, when detecting that
non-transmitted data to the host device 2 1s no more present in
the bufler 2, the MPU 27 instructs the symbol generation unit
24 to generate symbols COM and LIDL. In response to this,
the symbol generation unit 24 repeatedly generates symbols
COM and LIDL and outputs the same to a command/data
control unit 23. Further, the MPU 27 1nstructs the scramble
data generation unit 33 to generate scramble data SRDi. In
response to this, the scramble data generation unit 33 gener-
ates scramble data SRD1 using the random number generation
circuit 34 and outputs the same to the command/data control
unit 23. Then, the command/data control unit 23 transfers
symbols COM and LIDL supplied from the symbol genera-
tion unit 24 and scramble data SRD1 supplied from the
scramble data generation unit 33 to the 8b/10b coding unit 25

according to the istruction of the MPU 27. Then, the 8b/10b
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coding unit 235 performs 8b/10b coding for received symbols
COM, LIDL and scramble data SRD1 according to the
mstruction of the MPU 27. Then, a host interface module 26
transmits the received symbols to the host device 2. Symbol
set IDL 1s repeatedly transmitted to the host device 2 until
data communication 1s later started again with respect to the
host device 2.

<Operations of Symbol Generation Unit 24 and Scramble
Data Generation Unit 33>

Next, the operations of the symbol generation umt 24 and
scramble data generation unit 33 1n times t2 to t3 explained 1n
FIG. 12 1s explained with reference to FIG. 13. FIG. 13 1s a
flowchart for illustrating the operations of the symbol gen-
eration unit 24 and scramble data generation unit 33.

As shown in the drawing, when data to be transmitted to the
host device 2 1s not present (NO 1n step S10), the symbol
generation unit 24 first 1ssues symbol COM (step S11) and
subsequently 1ssues symbol LIDL (step S20). Further, the
scramble data generation unit 33 generates scramble data
SRD1 (step S21).

The above operation 1s repeatedly performed until connec-
tion with the host device 2 1s broken (YES 1n step S16) or data
transmission timing 1s reached (YES 1n step S10). The ran-
dom number generation circuit 34 may always generate a
random number and generate the same only 1n a period while
the MPU 27 gives an instruction to generate scramble data
SRDi.

<Effect of Present Embodiment>

As described above, with the memory card 1 according to
the second embodiment, the same effect as that of the first
embodiment can be attained.

With the configuration according to the present embodi-
ment, scramble data SRD1 1s contained 1n a symbol set instead
of setting the number of types of i1dle symbols to one type
(LIDL: K28.3). Scramble data SRD1 1s generated by the ran-
dom number generation circuit 34. More specifically, the
scramble data 1s a byte string generated by an M sequence and
1s a random number formed by a generator polynomial (X15+
X5+X4+X3+X1), for example.

A signal 1n which “077/*“1” successively occurs 1n a certain
pattern can be suppressed from being repeated and an
increase 1n the peak of the frequency spectrum can be pre-
vented by introducing the above random number 1n a symbol
set. FIG. 14 1s a graph of a frequency spectrum showing the
result of simulation of the present embodiment. As shown in
the drawing, the spectrum becomes more continuously and
the peak intensity 1s more reduced 1n comparison with a case
of FIG. 7 explained 1n the first embodiment. For example, the
peak mtensity around 200 MHz 1s approximately 60 dB and 1s
reduced by 5 dB 1n comparison with a case of FIG. 7. As a
result, noise can be reduced.

In this embodiment, a case wherein one symbol set 1ndi-
cating the 1dle state 1s COM+LIDL+SRD1 1s explained as an
example, but the number of scramble data items SRD1 may be
set to 2 bytes or more. FIG. 15 1s a timing chart of signals
transmitted from the memory card 1 to the host device 2, for
illustrating a case wherein 2-byte scramble data 1items SRDx,

SRD(1+1) are contained in one symbol set. As shown 1n the
drawing, the first symbol set 1s COM+LIDL+SRDO0+SRD1, a
symbol set following this 1s COM+LIDL+SRD2+SRD3 and

they are similarly determined.

Thus, the spectrum can be more widely spread and noise
can be reduced by increasing the number of bytes of scramble
data. In this case, it 1s preferable to set the number of scramble
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data items to 2n (where n 1s a natural number), that 1s, data
amount of the scramble data 1s 2n bytes.

Third Embodiment

Next, a semiconductor device and memory system accord-
ing to a third embodiment will be explained. The present
embodiment 1s attained by applying the first embodiment to
symbol SYN (hereinafter referred to as a synchronization
symbol). That 1s, 1n the present embodiment, two types of
SYN (SYNO, SYN1) are generated instead of generating two
types of LIDL 1n the first embodiment. The other is the same
as that of the first embodiment, and therefore, it 1s simply
explained below.

<Communication between Memory Card 1 and Host
Device 2>

FIG. 16 1s a timing chart of signals transmitted from a
memory card 1 to a host device 2. As shown in the drawing, as
symbol set SYNC used to set up synchronization with the host
device 2, COM+SYNO or COM+SYN1 1s selected. Whether
SYNO or SYNI 1s generated 1s determined based on a random
number generated by a random number generation circuit 32
in a symbol generation unit 24 like LIDLO, LIDL1 explained
in the first embodiment.

<Effect of Present Embodiment>

With the configuration according to the present embodi-
ment, the same eflect as that of the first embodiment can be
attained. When setting up synchronization with the host
device 2, symbol set SYNC is repeatedly transmitted. There-
fore, also, 1n this period, there occurs a possibility that a signal
in which “07/*1” successively occurs 1n a certain pattern may
be repeated. However, a signal in which “07/*1”” successively
occurs 1n a certain pattern can be prevented from being
repeated and noise can be reduced by preparing two types of
symbols SYN (SYNx: x=0 or 1) as 1n this embodiment and
randomly selecting one of them. Further, 1t 1s desirable to set
SYNX to a symbol 1n which RD becomes £0 as in the first
embodiment.

Fourth Embodiment

Next, a semiconductor device and memory system accord-
ing to a fourth embodiment will be explained. The present
embodiment 1s attained by applying the second embodiment
to symbol SYN (hereinafter referred to as a synchronization
symbol). That 1s, 1n the present embodiment, scramble data
SRD1 1s not instead 1mn symbol set IDL as in the second
embodiment but included 1n symbol set SYNC. The other 1s
the same as that of the second embodiment and 1t 1s simply
explained below.

<Communication between Memory Card 1 and Host
Device 2>

FIG. 17 1s a timing chart of signals transmitted from a
memory card 1 to a host device 2. As shown in the drawing,
symbol set SYNC used to set up synchronization with the host
device 2 1s COM+SYN+SRD1. Of course, scramble data con-
tained 1n one symbol set SYNC may be set to two bytes or
more.

<Effect of Present Embodiment>

With the configuration according to the present embodi-
ment, the same effect as that of the second embodiment can be
attained.

As described above, the semiconductor device 12 and
memory system 1 according to the first and third embodi-
ments can communicate with the host apparatus 2. The device
12 and system 1 1ncludes a symbol generation unit 24 which
includes a random number generation circuit 32 and gener-
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ates a symbol LIDLO, LIDL1 (or SYNO, SYN1) according to
a random number generated by the random number genera-
tion circuit 32; a coding umt 25 which performs 8b/10b cod-
ing for the symbol; and a transmission unit 26 which transmits
the symbol coded by the 8b/10b coding unit 25 to the host
apparatus 2.

Further, the semiconductor device 12 and memory system
1 according to the second and fourth embodiments can com-
municate with the host apparatus 2. The device 1 and system
1 includes a symbol generation unit 24 capable of generating,
a symbol; a scramble data generation unit 33 capable of
generating scramble data SRD); a coding unit 25 which per-
forms 8b/10b coding for the symbol and scramble data SRD;
and a transmission unit 26 which transmits, to the host appa-
ratus 2, the symbol and scramble data SRD coded by the
8b/10b coding unit 25 as one symbol set.

For example, the symbol indicates an 1dle state which 1s
non-communication period with the hostdevice 2 oris used to
set up synchronization with the host device 2.

Further, 1n the first and third embodiments, a case wherein
an 1dle symbol 1s two types of LIDLO and LIDL1 and a
synchronization symbol 1s two types of SYNO and SYNI 1s
explained as an example. However, the symbol generation
unit 24 may be configured to generate three or more types of
idle symbols and synchronization symbols. Even 1n the case
of three or more types, one of the symbols to be generated 1s
determined according to a random number. Further, the sym-
bol generation unit 24 may generate a plurality of symbols,
then select one of them according to a random number and
output the selected symbol to the command/data control unit
23 without determining a to-be-generated symbol according
to a random number.

Further, the first and second embodiments may be com-
bined. That 1s, symbol set IDL at an 1dle time may be config-
ured by use of symbol COM+(LIDLO or LIDL1)+SRDa. This
also applies to the third and fourth embodiments. That 1is,
symbol set SYNC at a synchronmization time may be config-
ured by use of symbol COM+(SYNO or SYNI1)+SRDia.

Further, in the first and second embodiments, a case
wherein a plurality of symbols are prepared only for the idle
symbol or scramble data 1s added thereto 1s explained. Fur-
ther, 1n the third and fourth embodiments, a case wherein a
plurality of symbols are prepared only for the synchroniza-
tion symbol or scramble data 1s added thereto 1s explained.
However, the first or second embodiment and the third or
fourth embodiment can be simultaneously performed. That
1s, a plurality of symbols may be prepared for both of the 1dle
symbol and synchromization symbol or scramble data may be
added thereto.

Further, the first to fourth embodiments can be applied to a
symbol other than the idle symbol and synchronization sym-
bol. That 1s, 1f another symbol 1n which 1t 1s assumed to cause
occurrence ol noise due to repetition of a signal 1n which
“07/*1” successively occurs 1n a certain pattern 1s used, the
same elfect can be attained by preparing plural types of sym-
bols and randomly selecting one of them or adding random
data thereto.

Further, as explained 1n the BACKGROUND, data may be
transmitted to the host device 2 while it 1s kept set in the
scrambled state. In this case, 1n FIGS. 3 and 11, the scramble
data generation unit 33 may be provided between the buifer
and the command/data control unit 23 and read data supplied
from the builfer 22 may be scrambled by the scramble data
generation unit 33. Further, the recent transmission speed of
high-speed serial data transmission by use of a small ampli-
tude differential signal 1s increased to 1 Gbps or more. Then,
in the high-speed data transmission of 1 Gbps or more, a
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system for multiplexing a data signal and clock signal on the
same signal line and transmitting them 1s used. This 1s known
as a clock multiplex system. In the clock multiplex system, a
clock 1s played back by detecting a signal toggle of a trans-
mission signal on the data reception side and 1s used as a clock
signal for reception. If the first to fourth embodiments are
applied to the above extremely high-speed data transmission
system, a more significant effect can be attained.

Further, generation of the symbols and random data
explained 1n the first to fourth embodiments may be per-
formed by use of hardware or performed by use of soitware.
However, from the viewpoint of operation speed, 1t 1s desir-
able to use exclusive hardware. When it 1s performed by use
of software, for example, the operation shown in FIG. 6 1s
performed by storing a symbol generation program in a ROM
28 or the like and permitting an MPU 27 to execute the
program. This also applies to generation of random data.

Further, in the first to fourth embodiments, only the con-
figuration of the memory card 1 that outputs a signal to the
host device 2 1s explained. When a signal 1s recerved from the
host device 2, the reverse operation of that at the transmission
time may be performed. For example, the host interface mod-
ule 26 includes a serial input port and serial-to-parallel con-
version umt. Then, the serial input port recerves a signal from
the host device 2 and the serial-to-parallel conversion unit
converts the same to a parallel signal. Subsequently, the
8b/10b coding unit 25 codes 10-bit parallel data to 8 bits and
stores the same 1n the butifer 22. Then, the MPU 27 1ssues a
data write command with respect to the NAND flash memory
11 and outputs data to the NAND flash memory 11 via the
flash controller 21.

Further, in FIGS. 5, 12, 16 and 17, when synchromzation
with the host device 2 1s set up, the memory card 1 also
receives symbol set SYNC from the host device 2. Further, it
receives symbol set IDL from the host device 2 at anidle time.
As explained 1n the first to fourth embodiments, the symbols
may be symbols selected from a plurality of symbols based on
a random number or symbols to which scramble data is
added. That 1s, not only the memory card 1 but also the host
device 2 may have the configuration according to the first to
tourth embodiments and the above embodiments are intended
to contain the above configuration.

Of course, in the above embodiment, a case wherein the SD
memory card 1s used as the memory system 1s explained as an
example, but another device having an SD interface such as an
SD 10 device or ultra-high-speed (UHS) II card may be used
and the other device may be used. Of course, 1t 1s not limited
to a memory card having the NAND flash memory 11,
another storage medium may be used and an electronic device
that performs high-speed data transter can be widely applied
without being limited to the storage medium.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes 1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the 1nventions.

The mvention claimed 1s:

1. A semiconductor device capable of communicating with
a host apparatus, comprising:

a symbol generation umit which selects and outputs one of

a first symbol and a second symbol 1n a random order;
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a coding unit which performs 8b/10b coding for the output
symbol; and
a transmaission unit which transmits the symbol coded by
the coding unit to the host apparatus,
wherein the first and second symbols indicate an idle state,
wherein the 8b/10b coded symbol is repeatedly transmuitted
to the host apparatus by the transmission unit,
wherein each of the first and second symbols 1ncludes a
pair of symbols imncluding a symbol as a plus runming
disparity and another symbol as a minus running dispar-
ity, and
wherein a symbol output from the symbol generation unit
has a running disparity different from that of a symbol
which 1s most recently output from the symbol genera-
tion unit.
2. The device according to claim 1, wherein data to be
transmitted from the device to the host apparatus 1s
scrambled, and the scrambled data 1s transmitted to the host

apparatus.

3. The device according to claim 1, wherein the symbol
generation unit includes a random number generation circuit
and selects one of the first and second symbols according to a
random number generated by the random number generation
circuit.

4. The device according to claim 1, further comprising a
scramble data generation unit capable of generating scramble
data,

wherein the coding unit performs 8b/10b coding for the

scramble data, and

wherein the transmission unit transmits, to the host appa-

ratus, the symbol and scramble data coded by the coding
unit as one symbol set.

5. A semiconductor device capable of commumicating with
a host apparatus, comprising:

a symbol generation unit which selects and outputs one of

a first symbol and a second symbol 1n a random order,
and further outputs a third symbol which indicates a
delimiter:

a coding unit which performs 8b/10b coding for the output

symbol; and

a transmission unit which transmits the symbol coded by

the coding unit to the host apparatus,

wherein a symbol set including the 8b/10b coded one of the

first and second symbols and the 8b/10b coded third
symbol 1s repeatedly transmitted to the host apparatus by
the transmission unit,

the symbol set 1s used to set up synchronization with the

host apparatus,

cach of the first and second symbols includes a pair of

symbols including a symbol as plus running disparity
and another symbol as a minus running disparity, and

a symbol output from the symbol generation unit has a

running disparity different from that of a symbol which
1s most recently output from the symbol generation unat.

6. The device according to claim 5, wherein data to be
transmitted from the device to the host apparatus 1s
scrambled, and the scrambled data 1s transmitted to the host
apparatus.

7. The device according to claim 5, wherein the symbol
generation unit includes a random number generation circuit
and selects one of the first and second symbols according to a
random number generated by the random number generation
circuit.

8. The device according to claim 5, further comprising a
scramble data generation unit capable of generating scramble
data,
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wherein the coding unit performs 8b/10b coding for the
scramble data, and

wherein the transmission unit transmits, to the host appa-
ratus, the symbol and scramble data coded by the coding
unit as one symbol set.

9. A semiconductor device capable of communicating with

a host apparatus, comprising:

a symbol generation unit which selects and outputs one of
a first symbol and a second symbol 1n a random order;

a coding umt which performs 8b/10b coding for the output
symbol; and

a transmission unit which transmits the symbol coded by
the coding unit to the host apparatus,

herein the first and second symbols indicate an 1dle state,

wherein the 8b/10b coded symbol 1s repeatedly transmatted

to the host apparatus by the transmission unit,

wherein one of the first and second symbols 1s a symbol 1n

which runming disparity becomes +0, and

wherein a symbol output from the symbol generation unit

has a running disparity different from that of a symbol
which 1s most recently output from the symbol genera-
tion unit.

10. The device according to claim 9, wherein data to be
transmitted from the device to the host apparatus 1s
scrambled, and the scrambled data 1s transmitted to the host
apparatus.

11. The device according to claim 9, wherein the symbol
generation unit includes a random number generation circuit
and selects one of the first and second symbols according to a
random number generated by the random number generation
circuit.

12. The device according to claim 9, further comprising a
scramble data generation unit capable of generating scramble
data,

wherein the coding unit performs 8b/10b coding for the

scramble data, and

wherein the transmission unit transmits, to the host appa-

ratus, the symbol and scramble data coded by the coding
unit as one symbol set.
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13. A semiconductor device capable of communicating
with a host apparatus, comprising;:

a symbol generation unit which selects and outputs one of
a first symbol and a second symbol 1n a random order,
and further outputs a third symbol which indicates a
delimiter:

a coding unit which performs 8b/10b coding for the output
symbol; and

a transmaission unit which transmits the symbol coded by
the coding unit to the host apparatus,

wherein a symbol set including the 8b/10b coded one of the
first and second symbols and the 8b/10b coded third

symbol 1s repeatedly transmitted to the host apparatus by
the transmission unit,
wherein the symbol set 1s used to set up synchronization

with the host apparatus,

wherein one of the first and second symbols 1s a symbol 1n

which running disparity becomes =0, and

wherein a symbol output from the symbol generation unit

has a running disparity different from that of a symbol
which 1s most recently output from the symbol genera-
tion unit.

14. The device according to claim 13, wherein data to be
transmitted from the device to the host apparatus 1s
scrambled, and the scrambled data 1s transmitted to the host
apparatus.

15. The device according to claim 13, wherein the symbol
generation unit includes a random number generation circuit
and selects one of the first and second symbols according to a
random number generated by the random number generation
circuit.

16. The device according to claim 13, further comprising a
scramble data generation unit capable of generating scramble
data,

wherein the coding unit performs 8b/10b coding for the

scramble data, and

wherein the transmission unit transmits, to the host appa-

ratus, the symbol and scramble data coded by the coding
unit as one symbol set.
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